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Abstract 
Background: Phlebotomus kandelakii and Phlebotomus perfiliewi transcaucasicus sand flies are the vectors of visceral 
leishmaniasis in Iran. The aim of this study was to evaluate the susceptibility of Ph. kandelakii and Ph. perfiliewi trans-
caucasicus, collected from an endemic focus of visceral leishmaniasis (VL) in the northwest of Iran, to different select-
ed insecticides. 
Methods: Sand flies were collected from the villages of Meshkinshahr and Germi Counties using light traps and aspira-
tors from May to October 2019. The sand flies were identified as Ph. kandelakii and Ph. perfiliewi transcaucasicus us-
ing standard identification keys. Susceptibility test was carried out against DDT (4%), Malathion (5%), Propoxur 
(0.1%) and Lambda-cyhalothrin (0.05%) according to the WHO standard method. MedCalc statistical software was 
employed to calculate LT50 and LT90 and to compare the chances of sand flies surviving the exposure to the studied in-
secticides. 
Results: A total of 1,278 female specimens were used for the susceptibility tests. Out of which 1,063 samples were used 
for the test and 215 for the control group. The estimated LT50 values for DDT (4%), Malathion (5%), Propoxur (0.1%), 
and Lambda-cyhalothrin (0.05%) for Ph. kandelakii were 15.1, 13.4, 15.4 and 5.8 minutes respectively, and for Ph. per-
filiewi transcaucasicus were 11.9, 15.6, 15.9 and 5.8 minutes  respectively. 
Conclusion: This susceptibility studies revealed different LT50 values for different insecticides efficient against Ph. 
kandelakii and Ph. perfiliewi transcaucasicus. The regular monitoring for the resistance of Ph. kandelakii and Ph. per-
filiewi transcaucasicus sand flies seems necessary in diseases control programs in this area.  
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Introduction 
 
Leishmaniasis is transmitted to human in 
98 countries and 3 territories on 5 continents 
in the world and approximately 0.2 to 0.4 cas-
es of Visceral leishmaniasis (VL) and 0.7 to 
1.2 million cases of cutaneous leishmaniasis 
(CL) occur each year. Leishmaniasis is a par-
asitic disease found in tropical and subtropical 
 
 
areas around the world. It has been categorized 
as a neglected tropical disease (NTD). Leish-
maniasis is triggered by infection with Leish-
mania parasites, which spread through the bite 
of phlebotomine sand flies of Phlebotomus 
and Lutzomyia. There are several distinct types 
of leishmaniasis in humans. The most prevalent 
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types are CL (causing skin sores) and VL (caus-
ing impacts on several internal organs) (1). VL, 
also known as kala-azar, is a severe health 
problem in endemic areas. The disease is of 
great significance to the health care system 
around the globe and can be fatal without ad-
equate therapy (2). The primary causative agent 
of VL is Leishmania infantum in Mediterra-
nean areas such as Iran (3). In the Mediterra-
nean region, there are two major forms of severe 
and fatal visceral leishmaniasis and cutaneous 
leishmaniasis. The worldwide mortality rate for 
leishmaniasis is between 26,000 and 65,000 
cases per year (4). VL is revealed to be en-
demic in 7 areas in Iran and the most significant 
endemic foci are Ardabil Province in north-
western Iran (5). Untreated VL has a 100% mor-
tality rate (6). Of 44 confirmed species of sand 
flies in Iran, three of them have been identi-
fied as the main or probable vectors of VL in 
Ardabil Province (7-10). To date, 22 Phleboto-
mus species have been recognized in Ardabil 
Province, and two major vector species, Ph. 
kandelakii and Ph. perfiliewi transcaucasicus, 
have been recorded from various regions with 
a large population (11). Leishmania infection 
of the two listed species with L. infantum and 
Leishmania donovani from the north and cen-
ter of the province has been reported using par-
asitological and molecular techniques (12). At 
present, the chemical control of sand flies, in-
cluding insecticide residual spraying (IRS) or 
the use of insecticide-impregnated bed nets 
(ITNs), are effective means to control visceral 
leishmaniasis (13). In order to use insecticides 
against leishmaniasis, the WHO recommends 
the use of a safety insecticide previously test-
ed for vectors’ susceptibility (14-20). Accord-
ingly, this is the first study to test the sensi-
tivity of two major vectors of visceral leish-
maniasis in an endemic foci in northwestern 
Iran to four types of insecticides based on the 
WHO guidelines. 
 
 
 
Materials and Methods 
 
Study sites 
This research was performed in Ardabil 
Province located in northwestern Iran from 
May to October 2019. The geographic coor-
dinates of the province are 38.4853 °N, 
47.8911 °E. The province is 17,953km2 in area 
(about 1.09 percent of the country's total re-
gion), 1,338 meters above sea level and has a 
population of 1,249,000 people. 
 
Sandflies collection 
A total of 1,278 sand flies were collected 
for testing and control purposes. Samples were 
gathered from the villages of Meshkinshahr 
and Germi Districts using light traps and as-
pirators from human homes, dog nests and 
livestock stables. Sand flies were immediately 
transferred to the Arthropod-Borne Research 
Center in Ardabil University of Medical Sci-
ences. The specimens were kept in a labora-
tory in a maintenance cage under 25±2 °C and 
60±10% humidity. The specimens were fed with 
sugar-soaked cotton during storage. They were 
recognized by using valid keys (21-23). 
  
Procurement of insecticide impregnated pa-
pers and their concentration 
Impregnated papers with DDT (4%) (Batch 
No. DD186, Exp. date: July 2016); Malathion 
(5%) (Batch No. MA 177, Exp. date: April 
2018); Propoxur (0.1%) (Batch No. PR 104, 
Exp. date: April 2018), and Lambda-cyhalo-
thrin (0.05%) (Batch No. LA 262, Exp. date: 
July 2018), as well as papers for control were 
supplied by the collaborating center of the World 
Health Organization in Penang, Malaysia.  
 
Susceptibility tests 
Female sandflies were subjected to suscep-
tibility tests according to the guidelines of 
WHO. Sandflies were exposed to impregnated 
papers (DDT (4%) (Organochlorine), Malathi-
on (5%) (Organophosphate), Propoxur (0.1%) 
(Carbamate) and Lambda-cyhalothrin (0.05%) 
(Pyrethroid) at different logarithmic times. 
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The sample exposure period was 3.75, 7.5, 
15, 30 and 60 minutes. Samples were recov-
ered at a suitable temperature for 24 hours 
under laboratory circumstances and supplied 
with sugar water. The mortality rate was rec-
orded after 24 hours. Dead and live samples 
were gathered and stored in 70% alcohol and 
then mounted in a drop of Puri's medium and 
recognized using valid morphological keys. 
Four replicates were performed for each ex-
periment. 
 
Data analysis 
Data collected in Microsoft Excel 2016 were 
used to plot slopes and graphs. The MedCalc 
statistical software was used to calculate LT50 
and LT90 and to compare the chances of sand 
flies surviving the exposure to insecticides in 
the study areas.  
 
Results 
 
During the study period, 1,278 sand fly  
specimens were used for sensitivity test on 
two main proven vectors species of VL in the 
Ardabil Province of which 1,063 were for the 
test and 215 for the control group. Seven hun-
dred and forty-nine specimens of Ph. kan-
delakii and 529 specimens of Ph. perfiliewi 
transcaucasicus were evaluated respectively. 
All the samples of the above-mentioned spe-
cies were found fully susceptible to Lambda-
cyhalothrin (0.05%) insecticides with 100% 
mortality. The estimated LT50 values for DDT 
(4%), Malathion (5%), Propoxur (0.1%), and 
Lambda-cyhalothrin (0.05%) for Ph. kan-
delakii were 15.1, 13.4, 15.4 and 5.8 minutes 
(Table 1), respectively, and for Ph. perfiliewi 
transcaucasicus were 11.9, 15.6, 15.9 and 5.8 
minutes respectively (Table 2). 
The mortality rates for Ph. kandelakii after 
60 minutes of exposure to DDT (4%), Mala-
thion (5%), Propoxur (0.1%) and Lambda-
cyhalothrin (0.05%) were 91.17%, 93.18%, 
97.61% and 100%, respectively. The mortality 
rates for Ph. perfiliewi transcaucasicus were 
95.83%, 90.90%, 91.30% and 100%, respective-
ly (Table 3). The slope diagrams and the trend 
of the mortality rates are shown in Fig. 2. 
 
 
 
Fig. 1. The study area and sand fly collection sites in the northwest of Iran 
J Arthropod-Borne Dis, September 2020, 14(3): 277–285                              Y Rassi et al.: Insecticide Susceptibility Status of … 
 
280 
 
http://jad.tums.ac.ir 
Published Online: September 30, 2020 
 
Table 1. Lethal Time, LT50 and LT90 values for Phlebotomus kandelakii to DDT (4%), Malathion (5%), Lambda-
cyhalothrin (0.05%) and Propoxur (0.1%), in Ardabil Province, Iran, 2019 
 
Insecticide a b±SE LT50±95% CI 
(minutes) 
LT90±95% CI 
(minutes) 
Wald 
statistic 
p-value 
DDT (4%) -3.063 2.596±0.367 11.884 34.783 49.855 <0.0001 
15.123 47.113 
18.943 76.134 
Malathion (5%) -3.144 2.789±0.338 10.911 29.906 68.032 <0.0001 
13.397 38.582 
16.235 56.021 
Lambda-cyhalothrin 
(0.05%) 
-2.501 3.278±0551 4.084 10.012 35.296 <0.0001 
5.794 14.253 
8.221 20.292 
Propoxur (0.1%) -3.060 2.579±0326 12.375 36.518 62.416 <0.0001 
15.351 48.183 
18.811 72.833 
 
 
 
Fig. 2. Comparison of regression lines, equations and LT50 of Phlebotomus kandelakii and Ph. perfiliewi transcau-
casicus as exposed to DDT (4%), Malathion (5%), Propoxur (0.1%), and Lambda-cyhalothrin (0.05%) 
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Table 2.  Lethal Time , LT50 and LT90 values for Phlebotomus perfiliewi transcaucasicus to DDT (4%), Malathion 
(5%), Lambda-cyhalothrin (0.05%) and Propoxur (0.1%), in Ardabil Province, Iran, 2019 
 
Insecticide a b±SE LT50±95% CI 
(minutes) 
LT90±95% CI 
(minutes) 
Wald 
statistic 
p-value 
DDT (4%) -2.621 2.436±0.402 8.703 27.897 36.682 <0.0001 
11.901 39.949 
15.725 73.761 
Malathion (5%) -3.207 2.690±0.431 11.757 32.870 38.864 <0.0001 
15.565 46.619 
20.495 84.098 
Lambda-cyhalothrin 
(0.05%) 
-3.430 4.506±0.908 4.467 8.821 24.606 <0.0001 
5.772 11.111 
7.059 17.158 
Propoxur (0.1%) -3.089 2.568±0.404 12.221 35.565 40.336 <0.0001 
15.944 50.291 
20.679 90.236 
 
Table 3. Susceptibility tests using the WHO bioassays for Phlebotomus kandelakii and Ph. perfiliewi transcaucasicus 
in endemic foci of visceral leishmaniasis in the northwest of Iran, 2019 
 
Insecticide Exposer 
time (min) 
Ph. kandelakii Ph. perfiliewi transcaucasicus 
No. of 
sandflies 
exposed 
No. of sand-
flies dead 
Mortality 
rate (%) 
No. of sand-
flies exposed 
No. of sand-
flies dead 
Mortality 
rate (%) 
DDT (4%) 
 
3.75 20 1 5 18 3 16.67 
7.5 26 5 19.23 21 5 23.80 
15 31 16 51.61 19 11 57.89 
30 29 24 82.75 22 19 86.36 
60 34 31 91.17 24 23 95.83 
 
Malathion 
(5%) 
3.75 29 2 6.89 21 1 4.76 
7.5 32 4 12.5 17 3 17.64 
15 38 26 68.42 19 9 47.36 
30 35 30 85.71 20 17 85 
60 44 41 93.18 22 20 90.90 
Lambda- 
cyhalothrin 
(0.05%) 
3.75 24 3 12.5 18 2 11.11 
7.5 26 21 80.76 21 18 85.71 
15 31 30 96.77 25 23 92 
30 28 26 92.85 19 19 100 
60 38 38 100 26 26 100 
Propoxur 
(0.1%) 
3.75 26 2 7.69 18 1 5.56 
7.5 34 8 23.52 24 4 16.67 
15 32 14 43.75 21 11 52.38 
30 40 29 72.50 26 20 76.92 
60 42 41 97.61 23 21 91.30 
Control - 110 2 1.81 105 3 2.85 
 
Discussion 
 
Since Ardabil Province, along with East 
Azerbaijan, is known as the primary focal point 
of VL in Iran (24) and 100–300 new cases of 
 
 
the disease are recorded annually (5), most of 
which are from the northwest (25), care must 
be taken against any sudden epidemics. One 
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way to control the epidemic is to use suitable 
and safe insecticides to kill sand flies (22). Sev-
eral trials have been performed in separate ar-
eas of Iran on vectors of cutaneous leishman-
iasis, including Ph. papatasi and Ph. sergenti, 
and it has been verified that Ph. papatasi is 
susceptible to the assessed insecticides (26-
29), except tolerance to DDT in Isfahan Prov-
ince, central Iran (30).   
Furthermore for the first time, resistance 
against DDT was observed in wild strain of P. 
sergenti population in North Khorasan Prov-
ince, Iran (14, 27). According to the results of 
current study, Lambda-cyhalothrin 0.05% with 
100% lethality had the greatest impact on Ph. 
kandelakii and Ph. perfiliewi transcaucasicus 
in Ardabil region. This revealed that these vec-
tors are extremely susceptible to this insecti-
cide and can be used to regulate vectors at the 
period of the epidemic. The results of the 
Lambda-cyhalothrin (0.05%) insecticide in Bra-
zil against lutzomyia longipalpis, the main vec-
tor of VL in the Americas, showed that this 
vector was also highly sensitive to insecti-
cides (31).  
The Ph. kandelakii and Ph. perfiliewi trans-
caucasicus vectors’ resistance to insecticides 
has not been recorded to date in Iran. In 1994, 
susceptibility tests were conducted on Ph. kan-
delakii and P. perfiliewi transcaucasicus, in Ar-
dabil Province (northwest), Iran. The results 
revealed that the both species were suscepti-
ble to the insecticides and mortality rate with 
60min exposure to 4% DDT was 100%. In In-
dia, in numerous areas, Ph. argentipes showed 
resistance to DDT (32-34), but was suscepti-
ble to malathion and deltamethrin with 98% 
and 100% mortality, respectively (20). The re-
sistance of the main vectors of VL against 
DDT (4%) and deltamethrin (0.05%) was re-
ported in borderline of Nepal (17). 
The reports on insecticide susceptibility 
status of Ph. kandelakii and Ph. perfiliewi trans-
caucasicus are limited and there are no records 
of insecticide resistance till now. According to 
results of current study and the WHO guide-
lines for malaria vectors at the diagnostic dose 
Ph. kandelakii and Ph. perfiliewi transcaucasi-
cus, proven vectors of visceral leishmaniasis 
in northwestern Iran were possible resistance 
to Propoxur (0.1%), Malathion (5%) and DDT 
(4%) insecticides. So the results of earlier stud-
ies were contradictory to this study. Phleboto-
mus kandelakii distributed in some important 
VL foci of Iran and leishmania infection re-
ported previously so further studies should be 
conducted in other regions (8). 
The strength of this study was that we con-
ducted insecticide susceptibility status of two 
main vectors of VL in an endemic area of Iran 
with four different kinds of insecticides and in 
five different logarithmic times but because of 
limitation, the enough amount of sand flies col-
lection was not possible. Also there are spe-
cific guidelines approved by WHO for diag-
nostic dose of mosquitoes, and there are no 
such guidelines for phlebotominae sandflies; 
however, it is of great value to establish a base-
line data and to assess the insecticide suscep-
tibility to different insecticides in sand fly vec-
tors. There are several novel investigations of 
main vector borne diseases in the country (35-
38). Evaluation of diseases monitoring is a vi-
tal responsibility of corresponding ministries.  
 
Conclusion 
 
The findings of this study showed that ac-
cording to the criteria for resistant level of Ph. 
kandelakii and Ph. perfiliewi transcaucasicus, 
the proven vectors of VL in northwestern Iran 
were susceptible to Lambda-cyhalothrin (0.05 
%), however these species are possible re-
sistance to Propoxur (0.1%), Malathion (5%) 
and DDT (4%) insecticides. Regular monitor-
ing for the resistance of Ph. kandelakii and 
Ph. perfiliewi transcaucasicus sand fly popu-
lations are necessary for VL control programs 
in this area. Furthermore, these insecticides 
should also be assessed for Ph. papatasi and 
Ph. sergenti, as the main vectors of CL in en-
demic foci in Iran. 
J Arthropod-Borne Dis, September 2020, 14(3): 277–285                              Y Rassi et al.: Insecticide Susceptibility Status of … 
 
283 
 
http://jad.tums.ac.ir 
Published Online: September 30, 2020 
 
Acknowledgements 
 
This study was financially supported by the 
Ardabil University of Medical Sciences (Pro-
ject No. 41147) and the Department of En-
vironmental Chemical Pollutants and Pesti-
cides, National Institute for Environmental Re-
search, School of Public Health, and Tehran 
University of Medical Sciences. The study was 
approved by the Ethical Committee of Ardabil 
University of Medical Sciences, Iran (Code of 
ethics: IR. ARUMS. REC.1397.268). The au-
thors declare that there is no conflict of interest. 
 
References 
 
1. Torres-Guerrero E, Quintanilla-Cedillo MR, 
Ruiz-Esmenjaud J, Arenas R (2017) Leish-
maniasis: a review. Trans R Soc Trop 
Med Hyg. 6: 750.  
2. Faulde M, Schrader J, Heyl G, Amirih M 
(2008) Differences in transmission sea-
sons as an epidemiological tool for char-
acterization of anthroponotic and zoono-
tic cutaneous leishmaniasis in northern 
Afghanistan. Acta Trop. 105(2): 131–138. 
3. Mohebali M, Moradi-Asl E, Rassi Y (2018) 
Geographic distribution and spatial anal-
ysis of Leishmania infantum infection in 
domestic and wild animal reservoir hosts 
of zoonotic visceral leishmaniasis in Iran: 
A systematic review. J Vector Borne Dis. 
55(3): 173–183. 
4. World Health Organization (2020) Leish-
maniasis. Available at: 
https://www.who.int/news-room/fact-
sheets/detail/leishmaniasis 
5. Mohebali M (2013) Visceral leishmaniasis 
in Iran: review of the epidemiological 
and clinical features. Iran J Parasitol. 8 
(3): 348–358. 
6. Van Griensven J, Balasegaram M, Meheus 
F, Alvar J, Lynen L, Boelaert M (2010) 
Combination therapy for visceral leish-
maniasis. Lancet Infect Dis. 10(3): 184–
194. 
7. Dehkordi AS, Rassi Y, Oshaghi M, Abai 
M, Rafizadeh S, Yaghoobi-Ershadi M 
(2011) Molecular detection of Leish-
mania infantum in naturally infected 
Phlebotomus perfiliewi transcaucasicus 
in Bilesavar district, northwestern Iran. 
Iran J Arthropod Borne Dis. 5(1): 20–27. 
8. Rassi Y, Abai M, Oshaghi M, Javadian E, 
Sanei A, Rafidzadeh S, Arzamani K 
(2012) First detection of Leishmania in-
fantum in Phlebotomus kandelakii using 
molecular methods in north-eastern Is-
lamic Republic of Iran. East Mediterr 
Health J. 18(4): 387–392.  
9. Rassi Y, Dehkordi AS, Oshaghi MA, Abai 
MR, Mohtarami F, Enayati A Zarei Z, 
Javadian E (2012) First report on natu-
ral infection of the Phlebotomus tobbi 
by Leishmania infantum in northwestern 
Iran. Exp Parasitol. 131(3): 344–349. 
10. Yaghoobi-Ershadi MR (2012) Phlebotom-
ine sand flies (Diptera: Psychodidae) in 
Iran and their role on Leishmania trans-
mission. J Arthropod Borne Dis. 6(1): 
1–17. 
11. Moradi-Asl E, Rassi Y, Adham D, Hanafi-
Bojd AA, Saghafipour A, Rafizadeh 
(2018) Spatial distribution of sand flies 
(Diptera: Psychodidae; Larroussius group), 
the vectors of visceral leishmaniasis in 
Northwest of Iran. Asian Pac J Trop Bi-
omed. 8(9): 425–430. 
12. Moradi-Asl E, Rassi Y, Hanafi-Bojd AA, 
Saghafipour A (2019) Spatial distribu-
tion and infection rate of leishmaniasis 
vectors (Diptera: Psychodidae) in Arda-
bil Province, northwest of Iran. Asian 
Pac J Trop Biomed. 9(5): 181–187. 
13. World Health Organization (2010) Con-
trol of the leishmaniases: report of a 
meeting of the WHO Expert Commitee 
on the Control of Leishmaniases, Geneva. 
14. Arzamani K, Vatandoost H, Rassi Y, Abai 
MR, Akhavan AA, Alavinia M, Akbar-
zadeh K, Mohebali M, Rafizadeh S (2017) 
Susceptibility status of wild population 
J Arthropod-Borne Dis, September 2020, 14(3): 277–285                              Y Rassi et al.: Insecticide Susceptibility Status of … 
 
284 
 
http://jad.tums.ac.ir 
Published Online: September 30, 2020 
 
of Phlebotomus sergenti (Diptera: Psy-
chodidae) to different imagicides in a en-
demic focus of cutaneous leishmaniasis 
in northeast of Iran. J Vector Borne Dis. 
54(3): 282–286. 
15. Denlinger DS, Lozano-Fuentes S, Lawyer 
PG, Black IV WC, Bernhardt SA (2015) 
Assessing insecticide susceptibility of 
laboratory Lutzomyia longipalpis and 
Phlebotomus papatasi sand flies (Dip-
tera: Psychodidae: Phlebotominae). J 
Med Entomol. 52(5): 1003–1012. 
16. Dhiman RC, Yadav RS (2016) Insecticide 
resistance in phlebotomine sandflies in 
Southeast Asia with emphasis on the In-
dian subcontinent. Infect Dis Poverty. 
5(1): 106–112. 
17. Dinesh DS, Das ML, Picado A, Roy L, 
Rijal S, Singh SP, Das P (2010) Insecti-
cide susceptibility of Phlebotomus ar-
gentipes in visceral leishmaniasis en-
demic districts in India and Nepal. PLoS 
Negl Trop Dis. 4(10): e859. 
18. Hassan MM, Widaa SO, Osman OM, Nu-
miary MS, Ibrahim MA, Abushama HM 
(2012) Insecticide resistance in the sand 
fly, Phlebotomus papatasi from Khar-
toum State, Sudan. Parasit Vectors. 5 
(46): 1–10. 
19. Li AY, Perez de Leon AA, Linthicum KJ, 
Britch SC, Bast JD, Debboun M (2015) 
Baseline susceptibility to pyrethroid and 
organophosphate insecticides in two old 
world sand fly species (Diptera: Psy-
chodidae). US Army Med Dep J. 2(4): 
3–9. 
20. Singh R, Mittal P, Dhiman R (2012) In-
secticide susceptibility status of Phleboto-
mus argentipes, a vector of visceral leish-
maniasis in different foci in three states 
of India. J Vector Borne Dis. 49(4): 
254–257. 
21. Molina R, Jiménez M, Alvar J, González 
E, Hernández-Taberna S, Ines MM (2017) 
Methods in Sand Fly Research. Servicio 
de Publicaciones Universidad de Alcalá  
de Henaresp, Madrid, Spain. 
22. Rassi Y, Hanafi-Bojd AA (2006) Phlebotom-
ine Sand Flies, Vectors of Leishmani-
ases: Morphology, biology, ecology, and 
field and laboratory methods with picto-
rial key of Iranian sand flies. Noavaran-
Elm Publication, Tehran, Iran. 
23. Seyedi-Rashti MA, Nadim A (1993) The 
genus Phlebotomus (Diptera: Psychodi-
dae: Phlebotominae) of the countries of 
the Eastern Mediterranean Region. Iran 
J Public Health. 21: 11–50. 
24. Moradi-Asl E, Hanafi-Bojd AA, Rassi Y, 
Vatandoost H, Mohebali M, Yaghoobi-
Ershadi M (2017) Situational analysis of 
visceral leishmaniasis in the most im-
portant endemic area of the disease in 
Iran. J Arthropod Borne Dis. 11(4): 482–
496. 
25. Moradiasl E, Rassi Y, Hanafi-Bojd AA, 
Vatandoost H, Saghafipour A, Adham 
D, Aabasgolizadeh N, Omidi Oskouei 
AR, Sadeghi H (2018) The relationship 
between climatic factors and the preva-
lence of visceral leishmaniasis in north 
west of Iran. Int J Pediatr. 6(2): 7169–
7178. 
26. Afshar AA, Rassi Y, Sharifi I, Abai M, 
Oshaghi M, Yaghoobi-Ershadi MR, 
Vatandoost H (2011) Susceptibility sta-
tus of Phlebotomus papatasi and P. ser-
genti (Diptera: Psychodidae) to DDT and 
deltamethrin in a focus of cutaneous 
leishmaniasis after earthquake strike in 
Bam, Iran. Iran J Arthropod Borne Dis. 
5(2): 32–41. 
27. Saeidi Z, Vatandoost H, Akhavan AA, 
Yaghoobi‐Ershadi MR, Rassi Y, Sheikh 
Z, Arandian MH, Jafariband R, Sanei 
Dehkordia AR (2012) Baseline suscep-
tibility of a wild strain of Phlebotomus 
papatasi (Diptera: Psychodidae) to DDT 
and pyrethroids in an endemic focus of 
zoonotic cutaneous leishmaniasis in Iran. 
Pest Manag Sci. 68(5): 669–675. 
28. Saeidi Z, Vatandoost H, Akhavan AA,  
J Arthropod-Borne Dis, September 2020, 14(3): 277–285                              Y Rassi et al.: Insecticide Susceptibility Status of … 
 
285 
 
http://jad.tums.ac.ir 
Published Online: September 30, 2020 
 
Yaghoobi-Ershadi MR, Rassi Y, Aran-
dian MH, Jafari R (2013) Baseline in-
secticide susceptibility data of Phleboto-
mus papatasi in Iran. J Vector borne 
Dis. 50(1): 57–61. 
29. Shirani-Bidabadi L, Zahraei-Ramazani AR, 
Yaghoobi-Ershadi MR, Akhavan AA, 
Oshaghi MA, Enayati AA, Rassi Y, 
Gholampour F, Shareghi N, Madreseh E 
Vatandoost H (2020) Monitoring of la-
boratory reared of Phlebotomus papa-
tasi (Diptera: Psychodidae), main vector 
of zoonotic cutaneous leishmaniasis to 
different imagicides in hyper endemic 
areas, Esfahan Province, Iran. J Arth-
ropod Borne Dis. 14(1): 116–125. 
30. Shirani-Bidabadi L, Zahraei-Ramazani AR, 
Yaghoobi-Ershadi MR, Rassi Y, Akhavan 
AA, Oshaghi MA, Enayati AA, Saeidi Z, 
Jafari R, Vatandoost H (2017) Assessing 
the insecticide susceptibility status of field 
population of Phlebotomus papatasi (Dip-
tera: Psychodidae) in a hyperendemic ar-
ea of zoonotic cutaneous leishmaniasis 
in Esfahan Province, Central Iran. Acta 
Trop. 176: 316–322.  
31. González MA, Bell MJ, Bernhardt SA, 
Brazil RP, Dilger E, Courtenay Oames 
G. C. Hamilton GJC (2019) Susceptibil-
ity of wild-caught Lutzomyia longipal-
pis (Diptera: Psychodidae) sand flies to 
insecticide after an extended period of 
exposure in western São Paulo, Brazil. 
Parasit Vectors. 5: 110: 1–9. 
32. Dhiman R, Raghavendra K, Kumar V, 
Kesari S, Kishore K (2003) Susceptibil-
ity status of Phlebotomus argentipes to 
insecticides in districts Vaishaii and Pat-
na (Bihar). J Commun Dis. 35(1): 49–51. 
33. Kishore K, Kumar V, Kesari S, Bhattachar-
ya S, Das P (2004) Susceptibility of 
Phlebotomus argentipes against DDT in 
endemic Districts of North Bihar, India. 
J Commun Dis. 36(1): 41–44. 
34. Kumar V, Shankar L, Kesari S, Bhunia GS,  
Dinesh DS, Mandal R, Das P (2015) In-
secticide susceptibility of Phlebotomus ar-
gentipes and assessment of vector control 
in two districts of West Bengal, India. 
Indian J Med Res. 142(2): 211–215. 
35. Hanafi-Bojd AA, Vatandoost H, Jafari R 
(2006) Susceptibility status of Anoph-
eles dthali and An. fluviatilis to com-
monly used larvicides in an endemic fo-
cus of malaria, southern Iran. J Vector 
Borne Dis. 43(1): 34–38.  
36. Hanafi-Bojd AA, Vatandoost  H, Oshaghi 
MA, Charrahy Z, Haghdoost AA, Sed-
aghat MM, Abedi F, Soltani M, Raeisi 
A (2012) Larval habitats and biodiver-
sity of Anopheline mosquitoes (Diptera: 
Culicidae) in a malarious area of south-
ern Iran. J Vector Borne Dis. 49(2): 91–
100. 
37. Chavshin AR, Oshaghi MA, Vatandoost 
H, Yakhchali B, Zarenejad F, Terenius O 
(2015) Malpighian tubules are im-portant 
determinants of Pseudomonas transstadi-
al transmission and longtime persistence 
in Anopheles stephensi. Parasit Vectors. 8 
(1): 21–36.  
38. Hosseini-Vasoukolaei N, Oshaghi MA, Sha-
yan P, Vatandoost H, Babamahmoudi F, 
Yaghoobi-Ershadi MR, Telmadarraiy Z, 
Mohtarami F (2014) Ana-plasma infec-
tion in ticks, livestock and human in 
Ghaemshahr, Mazandaran Province, Iran. 
J Arthropod Borne Dis. 8(2): 204–211. 
